Increased training often results in stronger memories but the neural changes responsible for these stronger memories are poorly understood. It is proposed here that higher levels of training that result in stronger memories recruit additional cell signaling cascades. This study specifically examined if c-Jun N-terminal kinase 1 (JNK1) is involved in the formation of stronger fear conditioning memories. Wildtype (WT), JNK1 heterozygous (Het), and JNK1 knockout (KO) mice were fear conditioned with 1 trial, 2 trials, or 4 trials. All mice learned both contextual (hippocampus-dependent) and cued (hippocampus-independent) fear conditioning but for contextual fear conditioning only, the JNK1 KO mice did not show higher levels of learning with increased trials. That is, WT mice showed a significant linear increase in contextual fear conditioning as training trials increased from 1 to 2 to 4 trials whereas KO mice showed the same level of contextual fear conditioning as WT mice for 1 trial training but did not have increased levels of contextual fear conditioning with additional trials. These data suggest that JNK1 may not be critical for learning but when higher levels of hippocampus-dependent learning occur, JNK1 signaling is recruited and is necessary for stronger hippocampus-dependent memory formation.
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Introduction
Long-term memory formation involves the recruitment of intracellular signaling cascades that regulate mRNA expression and de novo protein synthesis (Abel et al., 1997; Bourtchouladze et al., 1998; Bourtchuladze et al., 1994; Schafe, Nadel, Sullivan, Harris, & LeDoux, 1999) . It is clear that with increased training, stronger learning can occur (Bourtchouladze et al., 1998; Carew, Walters, & Kandel, 1981) . However, it is unclear whether the cellular processes involved in learning change as learning becomes stronger. One possibility is that with increased training, the same cellular substrates are activated but perhaps in greater amount and/or with a different timing. Another possibility is that with increased training, additional cell-signaling cascades are recruited and the activation of these cascades contributes to the formation of stronger memories.
There are multiple ways to strengthen learning that include increased training and pharmacological manipulation. For instance, acute nicotine enhances learning and prior work suggests that hippocampus-dependent learning is particularly sensitive to the effects of acute nicotine (Davis, James, Siegel, & Gould, 2005; Gould & Lommock, 2003; Gould & Wehner, 1999; Gulick & Gould, 2008; Portugal, Wilkinson, Kenney, Sullivan, & Gould, 2012; Portugal, Wilkinson, Turner, Blendy, & Gould, 2012) . This enhancement was associated with an increase in c-Jun N-terminal kinase 1 (JNK1) expression and JNK (46 kD) activation, and inhibition of JNK (non-selective) blocked the enhancement of learning by nicotine and yet the same dose did not block learning in nicotinenaïve mice (Kenney, Florian, Portugal, Abel, & Gould, 2010) . JNK1 has been associated with apoptosis (Ham, Eilers, Whitfield, Neame, & Shah, 2000) and development of the brain (Gelderblom, Eminel, Herdegen, & Waetzig, 2004 ) but the results from the studies with nicotine also suggest that activation of JNK1 may modulate learning. JNK has cytoplasmic and nuclear effectors (Barr & Bogoyevitch, 2001; Chang, Jones, Ellisman, Goldstein, & Karin, 2003; Eminel, Roemer, Waetzig, & Herdegen, http://dx.doi.org/10.1016/j.nlm.2014.12.008 1074-7427/Ó 2014 Elsevier Inc. All rights reserved.
